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Abstract  
Innovation is widely recognized as a key factor in the economic development of nations. 
Innovation is also essential for the competitiveness of firms. Its importance is intensified by 
factors like the increased global competition, the decreased product lifecycles and the rapidly 
changing consumer demands. Policy and management of innovation are necessary, 
especially during the last years that the environment for innovation has changed. Innovation 
management can be used to develop innovation and it involves processes. Innovation 
processes can either be pushed or pulled through development. A pushed process is based on 
existing or newly invented technology, that the organization has access to, and tries to find 
profitable applications to use this technology.  
In this paper we present a taxonomy of innovations based on the newly invented 
technology in Greece. For this purpose we have focused on the firms that have produced this 
technology, studying different parameters, such as those of size, branch of activities, export 
shares. Our analysis shows that small firms are the main owners of the granted patents in 
Greece. So, firms that employ up to 50 employees account for the 57.83% of our sample, 
while the share of large firms (more than 500 employees) is 6.02%. Most of these firms are 
engaged in the economic activities of machine tools, metal and plastic products, chemical 
substances and wholesale. The Greek firms have a medium age and are characterized by 
different levels of exports, selling their products mainly to the countries of European Union, 
the Balkans and the Middle East. The taxonomy we present is based on the well known 
Pavitt taxonomy. This paper is the first effort to classify innovation this way and our results 
could be used in the development of both public policy and management, aiming at 
supporting and encouraging innovation in Greece.  
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1. Introduction  
In the existing literature on technology, innovation and technical change there are many 
studies and works on taxonomies. Most of them are often driven by the need to both classify 
firms and industries and identify technology-intensive industries. Firms and industries tend 
to behave differently: Some of them innovate more, conquer new markets, use available 
resources more efficiently and offer higher remuneration to their employees. In the nowadays 
knowledge- based economy, innovation is the key to firms’ performance in terms of survival 
and productivity. Thus, the characteristics and the innovative behavior of an industry are 
important to innovation policy makers. In order to encourage innovation and based on the 
fact that the allocated resources are limited, national governments try to allocate, as 
efficiently as possible, resources to these industries. As a consequence, the tool of 
classification of industries can be very useful while a misclassification can have important 
social costs.  
Most of taxonomies have used the sector, as the main level of analysis, with the exception 
of the taxonomy of Malerba and Orsenigo (1996), which was a technology-based taxonomy. 
In addition, firms are grouped based on their high and low technology level (e.g. OECD, 
Hatzichronoglou) or based on the concept of technological regimes or paradigms (e.g. Pavitt, 
Malerba and Orsenigo, Marsilli), a concept that was first introduced by Nelson and Winter 
(1977) and further elaborated by Dosi (1982). Our analysis relies on the Pavitt’s taxonomy. 
We used the main principles of this taxonomy but we also considered the peculiarities of the 
Greek case.      
Pavitt classified innovation according to the firms that generate it, identifying four 
sectorial sub-taxonomies or categories. He described the behaviour of innovating firms in 
order to predict their actions and suggest a framework for policy analysis. He introduced five 
main categories of firms: (1) Firms where the supplier dominates and firms that innovate by 
acquiring machinery and equipment (i.e. traditional industries such as clothing, paper and 
publishing, furniture, agricultural sector, constructions). (2) Firms that behave like the 
specialized suppliers of capital goods and equipment and live in symbiosis with their 
customers (i.e. machine tools and equipment, instruments). (3) Firms that are science- based 
and were born to exploit new scientific discoveries in fields such as electrical- electronics, 
chemicals, pharmaceuticals and aerospace. In these firms the main source of knowledge is 
associated with in-house R&D laboratories. (4) Firms that are characterized as scale- 
intensive firms and are active in mass production industries (i.e. non-metallic mineral 
products, durable goods, motor vehicles). (5) Firms that are information-intensive and in 
which their main source of technological accumulation is based on the advanced processing 
of data (i.e. sectors of banking, retailing, internet, software, and so on).    
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2. Methodology and Data  
We described and studied the innovation behavior of Greek firms based on their patent 
records during the period of 1989-2005. We used firm patent data as a proxy of firm 
innovation, taking into consideration both the advantages and disadvantages of patent data. 
The majority of the existing literature measures innovation based on patent data. Patent data 
has been used in the description of technological change and the measurement of innovation. 
Many arguments encourage this attitude: First, patents are the main and direct outcome of the 
inventive process and particularly of those inventions that are expected to have a small or 
large commercial impact and value. Second, because the protection of innovation through 
patens has a cost in time and money, especially in the case of patent protection through an 
international office (e.g. European patent office, US patent office), inventors and innovators 
will tend to patent only those inventions that are expected to increase the firm profitability 
and outweigh the total cost. Third, patents can de broken down by technical fields and thus 
inform us not only on the rate of inventive activity, but also its direction. Fourth, patents and 
its subsequent statistics are available in large numbers, for almost all countries and for a long 
time. Fifth, patents are public documents and this means that they are open to the public and 
not covered by statistical confidentiality after being published. They contain very useful 
information, such as information on patentees, location, inventors, which can be used in 
different ways of analysis (Tseng, 2009).  
However, as any tool of analysis, patent data exhibits their own disadvantages, when used 
for the study of innovation: First, patents may not be as representative as thought for the 
study of innovation. Second, all patents are faced the same way, but not all of them have the 
same quality and the same economic impact (Acs & Audretsch 1989). Not all patented 
inventions prove to be innovations and many innovations are never patented (e.g. the 
software cant by patented, but is protected by copyright and many inventions are protected 
by industrial secrecy). Third, there are some arguments suggesting that patents inhibit 
innovation by restricting creativity. Forth, some people question the fact that stronger, that is 
broader patents increase and encourage innovation (Sakakibara & Branstetter 2001). Fifth, 
both the procedures that follow the national patent offices and the interest of inventors to 
patent differ. Sixth, patents do not always represent commercially exploited innovation and 
perhaps they could be better used as inputs rather than outputs. (Tseng, 2011)  
Taking into consideration the limits of patent data to study innovation, we decided to use 
Greek patent data for the simple reason that patent records are the only available sources of 
information and related data in Greece. The analysis that follows was based on the 
elaboration of data of a sample of 250 Greek firms. We constructed two databases: (1) A 
patent database, which includes all patents that were granted by the Greek patent office 
during the period 1989- 2005 (5033 patents in total), (2) a firm database, which contains data 
on 250 firms and information on economic, production, patent and other parameters (46 
fields of information in total). We have also used the Icap Greek Economic Guide. Icap is a 
Greek firm which, among other activities, collects data on Greek firms. Icap publishes its 
economic guide each year, which contains firm information on many fields. Each firm may 
have a maximum of 31 fields of information, such as Icap code, name, economic activity 
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based on the ICAP taxonomy (and not based on the National Statistic Agency or Eurostat), 
year of establishment, legal status, number of employees, contact information (address, 
phone, fax- email), owner’s name, financial data shares and countries of exports and 
products. However, there is missing information in many fields and this had a cost on our 
analysis. We used the “Economic Guide of Icap” for the years 1990, 1995, 2000 and 2005.  
Our results are the outcome of the elaboration of the above data at two levels of analysis: 
the firm and the industry-branch level. We started from the firm level and then focused on 
the industry-branch level. Our classification of firms and, then, our taxonomy are based on 
the study of the following parameters and variables: (1) ‘branch- sector of activity’ and 
‘content of products’, (2) ‘size’ and ‘patent productivity-intensity’ based on employment 
data, (3) ‘export shares’ and their ‘geographical destination’, (4) ‘branch of origin’ and 
‘branch of use’ for the patent, (5) ‘interrelations’ between the ‘branch of origin’ and ‘branch 
of use’. The ‘branch- sector of activity’ and the ‘content of products’ parameters were based 
on the NACE classification system at 2-digit, 3-digit and 4-digit code level. The ‘size’ 
parameter was based on the classification of firms on 8 classes (e.g. ‘<20 employees’, ‘20-
50’, ‘50-100’, ‘100-200’, ‘200-300’, ‘300-400’, ‘400-500’ and ‘>500 employees’). The 
‘export shares’ parameter was based on the classification of firms on 7 classes (e.g. ‘<5%’, 
‘5-10%’, ‘10-20%’, ‘20-30%’, ‘30-40%’, ’40-50%’, ‘>50%’). The ‘branch of origin’ of a 
patent coincides with the main production branch of the firm that developed this patent, 
while the ‘branch of use’ of a patent is related to the economic branch that the patent is 
directed to, when we interpret the international patent classification on economic terms. The 
‘interrelations’’ parameter was based on the direct comparison between the ‘branch of 
origin’ and the ‘branch of use’ of each patent, then each firm and finally each branch. In 
most cases we examined the above parameters in time (15-20years) in order to first centre 
changes of major or minor importance and second coincide with the time period of the 
examined Greek patent activity (1989- 2005).  
3. The Greek classification of innovations: Main trends and results 
In the following section we present the main features of the innovation behaviour of 
Greek firms. Generally and based on their patent records Greek firms are mainly engaged in 
metal products, machine tools, plastic and elastic products, chemical products and in 
wholesale activities. Their size is small and they are characterized by different levels of 
exports, selling their products to the countries of European Union and the Balkans. They are 
specialized in few activities, combining their manufacturing with commercial activities and 
produce up to five different products. Below we describe in summary the profile of these 
firms based on their branch, presenting only those that concentrate more than ten firms 
according to our sample. In this way we excluded the following manufacturing and most of 
services branches: Agriculture- related activities, textiles-leather, paper-wood, publishing-
printing, electronic-communication equipment and apparatus, instruments, motor vehicles- 
transport equipment.   
Half of firms of food products and beverages are engaged in the production of ‘meat and 
poultry meat products’ and the manufacture of ‘bread, fresh pastry goods and cakes’. Firms 
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are characterized by low and very low shares of exports, while their size varies from very 
small till medium. Patent productivity accounts for 2.06. The new technologies are related to 
‘foods or foodstuffs and their treatment’ and are directed to ‘other food products’, with a 
slight focus on ‘bread, fresh pastry goods and cakes’. In general terms, the economic use of 
new technologies could be placed inside the respective branch, but doesn’t coincide with the 
production activities of firms if we look at specific 4-digit activities. Few interrelations were 
recorded. The branch loses patents, which are directed to machinery and equipment. On the 
contrary the patents that are received come from chemicals-chemical products.  
Half of firms of chemical products are engaged in pharmaceutical preparations, have a 
medium size and low shares of exports. This branch presents one of the highest technological 
concentrations at the level of subclass, while the dominant technology is ‘preparations for 
medical, dental or toilet purposes’. The branch is also characterized by a very high patent 
productivity (2.72). Its patents are mainly directed to the main production line, namely the 
‘pharmaceutical preparations’. The branch heavily depends on inside technologies, namely 
technologies that are developed inside the branch. However, the branch is also characterized 
by different interrelations. The most important of these interrelations are with food products 
and beverages, machinery and equipment and instruments.  
The firms of rubber and plastic products are engaged in the manufacture of ‘plastic 
products’, such as plastic plates, sheets, tubes and profiles and other plastic products. Firms 
are small in size and are characterized by different shares of exports. The dominant 
technology is the ‘horticulture, cultivations, forestry; watering’. Patent productivity is 2.37 
and most of technologies are directed from an economic aspect outside the main production 
branch. Therefore, it seems that a large number of patents lead to the manufacture of ‘other 
agricultural and forestry machinery’. In general terms, 7/10 technologies of the branch do not 
have any connection with the production activities of the respective firms and this starts from 
the level of 2-digit activities (branches). Only few patents of the branch of rubber and plastic 
products are related to the main production origin of the firms. There are many interrelations 
and the branch loses patents, which are directed to other branches, such as those of pulp, 
paper and paper products and machinery and equipment.  
The firms of basic metals are engaged in the ‘aluminium production’. Their size is very 
large and their export activities very important at least for the 1/3 of them. The dominant 
technology is ‘fixed or movable closures for openings in buildings, vehicles, fences or like 
enclosures in general’, which is directed to the manufacture of ‘builders’ carpentry and 
joinery of metal’. Most of new technologies don’t have any relation with the main production 
activities of the respective firms. Our analysis shows that there is a very important 
interrelation between the branch of basic metals and the branch of fabricated metal products.  
The firms of fabricated metal products are engaged in ‘metal structures and parts of 
structures, builders’ carpentry and joinery of metal’ and ‘other fabricated metal products’. 
The firms of the branch export their products, but with different shares. This branch contains 
a large number of very small and small firms. The most important technology is the ‘fixed or 
movable closures for openings in buildings, vehicles, fences or like enclosures in general’, 
which is directed to the manufacture of ‘locks and hinges’. New technologies are placed 
outside the main production line and basically inside the total production activities of the 
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firms, focusing on some new 3-digit activities. As we can see there are two major 
interrelations. The first concerns the interrelation of this branch with the other non-metallic 
mineral products, while the second with the machinery and equipment. At the same time the 
branch loses patents, which are directed for example to the manufacture of basic metals.  
The firms of machinery and equipment do not concentrate on a specific production 
activity. However 1/3 of them concern the manufacture of ‘other general purpose machinery’. 
Most of firms are very small and half of them are characterized by very large shares of 
exports. The patent productivity is 3.23. There is a slight technological specialization on the 
‘working or processing of wire’, which is directed to the manufacture of ‘machine tools’. 
More than half of developed technologies do not coincide neither with the main production 
line of the firms nor the total production based on the 4-digit activities. The branch receives 
patents from other branches and thus depends on the technological ability of them, such as 
the branches of rubber and plastic products and fabricated metal products.  
The firms of electrical machinery and apparatus are engaged in the manufacture of 
‘electricity distribution and control apparatus’. Both the firm size and the export shares vary. 
Patent productivity is 3.69 and generally the developed patents are related to different new 
technologies. The most important recorded technology is ‘functional features or details of 
lighting devices or systems, structural combinations of lighting devices with other articles’. 
This technology is related to the manufacture of ‘electrical equipment for engines and 
vehicles’. Half of new technologies are placed along the existing production activities.  
Furniture and n.e.c. manufacturing contains small firms with different shares of exports. 
The most important technology is the ‘displaying, advertising, signs, labels or name- plates, 
seals’, which is directed to the manufacture of ‘optical instruments and photographic 
equipment’. The recorded new technologies aim at exploring new production activities at the 
level of 2-digit codes.    
Finally, half of firms of the branch wholesale and commission trade are engaged in the 
wholesale of first ‘pharmaceutical goods’ and second ‘wood, construction materials and 
sanitary equipment’. This branch contains very small firms, which are characterized by very 
low shares of exports. New technologies are related to ‘preparations for medical, dental or 
toilet purposes’, which are directed to the manufacture of ‘pharmaceutical preparations’.  
4. Conclusions: Towards a taxonomy of the Greek innovating firms  
Classifications and taxonomies are very important for innovation policy and management. 
In order to encourage R&D or innovation, national governments are interested in targeting 
their support towards certain types of firms and industries. The objective of this paper is to 
study the innovative behaviour of Greek firms in order to determine empirically an industry 
classification and taxonomy that can be used for policy purposes. So, drawing upon a sample 
of 250 Greek firms and based on the structure and the principles of Pavitt’s taxonomy we 
studied the main features of the Greek firms with innovative activities during the period 
1989- 2005. We believe that our results have implications for both firm decision- makers and 
government policy makers who aim to stimulate the development of innovation and 
contribute to the discussion of its management.    
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Our analysis shows that most Greek firms behave like specialized suppliers of capital 
goods and equipment and providers of traditional intermediate goods (i.e. rubber-plastic 
products, basic metals, fabricated metal products, and machine tools-equipment). We can see 
also two major trends: First, the presence of science-based firms, but this presence is only 
related to firms engaged in chemicals-pharmaceuticals, which traditionally use the patent 
system in order to protect their new technologies. Second, the presence of information-
intensive firms, but this presence is only connected to the activity of wholesale firms. On the 
contrary the contribution of scale- intensive firms, active in mass production industries as 
well as supplier dominate firms is much lower, although they concern branches that have a 
long history and tradition in Greece (e.g. food-beverages, textiles, non-metallic mineral 
products). In fact most of Greek manufacturing relied on the presence and development of 
these branches. For example, the branch food and beverages is the most important based on 
its total number of firms at the national level, but exhibits small innovation activity.  
This paper is the first effort to classify innovation this way and our results could be used 
in the development of both public policy and management, aiming at supporting and 
encouraging innovation in Greece. Taking into consideration first the respective indexes of 
production (based on the SEV Report), second their technology level and third their export 
shares (based on the OECD report) we can point out one positive and two negative trends: 
Three of our top branches were also characterized by fast growth during the period 1995-
2003: Chemical products, rubber-plastic products and fabricated metal products. On the 
contrary the declining branches are those with low and very low innovation activity. This 
means that half of both firms and patents originate from important branches, namely 
branches of fast-medium growth and high indexes of production. However, most of these 
branches are also medium-low and low technology branches, the products of which account 
for the 75% of the total Greek exports. At the same time Greek exports are much lower in 
economic activities of medium-high technology and much higher in medium-low technology 
compared to the respective OECD average.   
Therefore, based on the fact that no country can run away from its past and nor can 
change much from its present, the question is how can we build today a future. If we accept 
that we have to combine the existing economic structure with the recorded technological 
performance, then we suggest that Greece should focus on specific activities and emerging 
technologies of chemicals, basic and fabricated metals.      
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